Objective/Background: Although shoulder pain is a problem in up to 86% of persons with a spinal cord injury (SCI), so far, no studies have empirically identified longitudinal patterns (trajectories) of musculoskeletal shoulder pain after SCI. The objective of this study was: (1) to identify distinct trajectories of musculoskeletal shoulder pain in persons with SCI, and (2) to determine possible predictors of these trajectories. Design/Methods: Multicenter, prospective cohort study in 225 newly injured persons with SCI. Outcome Measure: Shoulder pain was assessed on five occasions up to 5 years after discharge. Latent class growth mixture modeling was used to identify the distinct shoulder pain trajectories. Results: Three distinct shoulder pain trajectories were identified: (1) a "No or Low pain" trajectory (64%), (2) a "High pain" (30%) trajectory, and (3) a trajectory with a "Decrease of pain" (6%). Compared with the "No or Low pain" pain trajectory, the "High pain" trajectory consisted of more persons with tetraplegia, shoulder pain before injury, limited shoulder range of motion (ROM), lower manual muscle test scores, or more spasticity at t 1 . Multiple logistic regression analysis showed two significant predictors for the "High pain" trajectory (as compared with the "No or Low pain" trajectory): having a tetraplegia (odds ratio (OR) = 3.2; P = 0.002) and having limited shoulder ROM (OR = 2.8; P = 0.007). Conclusion: Shoulder pain in people with SCI follows distinct trajectories. At risk for belonging to the "High pain" trajectory are persons with tetraplegia and those with a limited shoulder ROM at start of active rehabilitation.
Introduction
Although shoulder pain is a problem in up to 67% of persons with a spinal cord injury (SCI), so far, no studies have empirically identified longitudinal patterns (trajectories) of musculoskeletal shoulder pain after SCI. [1] [2] [3] [4] [5] Many people with SCI depend on their arms for mobility and several activities of daily living, such as transferring from the wheelchair to the car. Therefore, they are at higher risk for problems associated with overuse of the shoulder compared with those without SCI. 6, 7 Of those persons with SCI and shoulder pain, 86% of the persons also report limitations in daily activities [1] [2] [3] [4] [5] and reported limitations in participation. For example, in 84% of persons with SCI, shoulder pain leads to a limitation in sport and leisure activities. 2, 8 Furthermore, shoulder pain is associated with lower perceived health, 9 lower quality of life, 10, 11 and increased use of assistive devices.
Previous research has found predictors of musculoskeletal shoulder pain to be: older age, longer time since injury (TSI), higher body mass index (BMI), lesion level (tetraplegia), muscle strength (inversely related), shoulder range of motion (ROM), and functional outcome (inversely related). 11, [13] [14] [15] [16] However, most of these findings are based on cross-sectional studies of persons with chronic SCI. 17 Only a few studies on shoulder problems in SCI had a prospective longitudinal design. 5, 11, 18 These studies model the group mean scores of shoulder pain over time which, although useful, may hide distinct patterns of change in shoulder pain after SCI (trajectories). Trajectory analysis models patterns of change over time in the dependent variable and identifies distinct subgroups within the population. Understanding the distinct trajectories of shoulder pain and their determinants offers insight into the development of shoulder pain and in the possible risk factors for chronic shoulder pain, which is prerequisite for early intervention. To our knowledge, there are no studies that empirically identified trajectories of shoulder pain after SCI. The current study is an extension of an earlier prospective cohort study that addressed shoulder pain in persons with SCI. 5 The objective of the current study was (1) to identify distinct trajectories of shoulder pain in the period between the start of active SCI inpatient rehabilitation and 5 years after discharge, and (2) to find determinants of these trajectories. We hypothesized that four trajectories of shoulder pain would be identified: a stable high, a stable low, a decrease and an increase trajectory. We hypothesized that TSI, presence of shoulder pain before SCI, age, gender, lesion characteristics, physical characteristics (BMI, manual muscle strength (MMT)), spasticity of the elbow flexors and/or extensors, and limitation in shoulder ROM at the start of active rehabilitation would be determinants of shoulder pain trajectory.
Methods
The manuscript used the checklist for cohort studies as provided by the STROBE-statement (Strengthening the Reporting of OBservational studies in Epidemiology) (http://www.strobe-statement.org).
Participants
Participants with a recently acquired SCI (n = 225) were included in the longitudinal Dutch study "Physical strain, work capacity, and mechanisms of restoration of mobility in the rehabilitation of individuals with spinal cord injury". 19 Participants were admitted to inpatient rehabilitation in one of the eight Dutch rehabilitation centers with a specialized SCI department. Inclusion criteria of the study were: (i) a recently acquired SCI; (ii) age between 18 and 65 years; (iii) grades A, B, C, or D on the American Spinal Injury Association (ASIA) Impairment Scale (AIS); (iv) expected permanent wheelchair dependency for long distances and; (v) having completed a minimum of one outcome assessment on shoulder pain. 20 Participants were excluded if they had a SCI due to a malignant tumor, a progressive disease, psychiatric problems, or insufficient command of the Dutch language (necessary for understanding the goal of the study and test instructions). The research protocol was approved by the Medical Ethics Committees of the SRL/iRv and University Medical Center Utrecht. All persons gave written informed consent to participate in the study.
Study design
A multicenter, prospective cohort study was conducted with measurements taken at the time when a participant was able to sit four or more hours in the wheelchair (t 1 ), 3 months later (t 2 ), at discharge from inpatient rehabilitation (t 3 ), and 1 and 5 years after inpatient rehabilitation (t 1 and t 5 , respectively).
Instruments
All clinical measurements were assessed by trained physicians and research assistants.
Shoulder pain
On all five test occasions (t 1 -t 5 ), the participants were asked, in a standardized questionnaire, whether they experienced pain on the joints or muscles of both shoulders (since SCI at t 1 , since last measurement time at t 2 , t 3 , t 4 , and t 5 ). The question to the participants was formulated as follows: "Did you experience pain to your joints or muscles since your spinal cord injury?". If the question was answered positive, patients were asked to rate the severity of shoulder pain. Severity of musculoskeletal pain was measured for both shoulders on a scale of 0-5 (0 = no pain, 1 = very mild, 2 = mild, 3 = moderate, 4 = severe, and 5 = very severe). 5 The questionnaire tried to distinguish musculoskeletal pain from neuropathic pain as best as possible by also asking the character of the pain (i.e. pain related to movement in musculoskeletal pain vs. other sensations of pain (e.g. itching or blunt) in neuropathic pain). 21 Furthermore, participants were asked at the start of active rehabilitation whether they had suffered shoulder pain before SCI. In the analysis, a patient was considered to have shoulder pain if he/she suffered pain in at least one shoulder. In cases where both shoulders were affected, only the shoulder with the highest pain score was included in the analysis.
Lesion characteristics
Level and completeness of SCI were recorded according to the International Standards for Neurological Classification of SCI. 22 Tetraplegia was defined as a neurological level of SCI above the T1 segment. SCI was defined as motor complete when participants met the criteria of the International Standards for Neurological Classification of SCI AIS A or B.
Demographics
Age and sex were recorded in the study at the start of active rehabilitation.
Time since injury
For all participants, TSI was determined as the time between the occurrence of SCI and the first measurement time (t 1 ) (noted in months).
Shoulder ROM
Following a standardized protocol, passive ROM of both shoulders were measured using goniometry in the sitting position for flexion, external rotation, and abduction. 23 Patients were measured in their own wheelchair and were instructed to sit as upright as possible. For each patient, measurement of ROM was performed at all measurement times by the same trained health professional. Normal ROM was defined as: 180°for shoulder flexion, 60°for external rotation, and 90°for glenohumeral abduction. 24 A decrease in ROM of 10°or more in one of the movements was considered to be an impaired ROM. This cut-off point was chosen by experts working in the field of SCI.
Manual muscle strength
To assess the strength of five muscle groups of the upper extremities, standardized MMT 25 was performed for the elbow flexors and extensors, internal and external shoulder rotators, and shoulder abductors. The MMT for each muscle group was performed in a standardized sitting position. However if, the MRC score of shoulder external rotation and internal rotation was scored as MRC grade 3, or for shoulder abduction grades 0, 1, or 2, patients were retested in a supine position. 25 Muscle force was assessed by the research assistant on a scale of 0-5 as follows: (0) no muscle contraction, (1) palpable or visible muscle contraction, (2) active movement through full ROM with gravity eliminated, (3) active movement through full ROM against gravity, (4) active movement through full ROM against resistance, and (5) normal muscular strength. The muscle group scores of the right and left upper extremities were added together to obtain an overall MMT score, ranging from 0 to 50.
Obesity
A BMI (body mass (kg)/height (m 2 )) of greater than 22 was used to define overweight or obese; this was defined using the cut-offs for SCI suggested by Laughton and Powley. 26 Mass (in kg) was measured on a wheelchair scale with the patient sitting in the wheelchair or with a weighting lift scale. In the first case, the wheelchair and orthotics of the patient were weighed separately and the mass was subtracted from the first measurement to obtain body mass. Body height was defined in meters according to self-report by participants at t 1 .
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Spasticity of upper elbow flexors/extensors
The presence of spasticity of the elbow flexors and extensors of both arms was determined in participants with tetraplegia. Spasticity was defined, based on the definition of Lance, 28 as a velocity-dependent increase in muscle tone combined with exaggerated reflexes, through a direct standardized examination (1: catch; 2: clonus <5 beats; 3: clonus ≥5 beats). In the analyses, we used a dichotomous variable of spasticity (0 = no spasticity or grade 1, 1 = grades 2 and 3).
Statistical analyses
Respondent characteristics
Descriptive data are displayed as means, standard deviations (SDs), and range or interquartile range (IQR). To identify significant differences between the trajectories (demographics, lesion characteristics, and physical characteristics), cross-tabulations with chi-square tests were performed for nominal data and one-way analysis of variance for numerical data. Non-parametric statistical analyses were used for data that were not normally distributed.
Identifying trajectories
Distinct trajectories of shoulder pain were determined by fitting latent class growth mixture modeling (LCGMM) 29, 30 to the data, using Mplus software. 31 LCGMM are contemporary statistical techniques based on regression and structural equation models 32 and aim to capture heterogeneity in the course of shoulder pain in k number of subgroups (or classes), each with a unique trajectory. Each subgroup has its own growth parameters (e.g. intercept, slope, and variance) and characteristics. In LCGMM, missing data are handled by the expectation-maximization algorithm
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The Journal of Spinal Cord Medicine(EM algorithm) when they are missing at random. This means that the analysis makes full use of all available data, thereby preventing the inclusion of only those patients that have data on all data points available. This method of data analysis is common in settings where longitudinal data are available; many studies have shown that when the data are missing at random (meaning that missing data are assumed to be unrelated to the outcome variable or that dropout at each occasion is assumed to be conditionally independent of current and future responses on the particular outcome variable, in this study shoulder pain), bias in parameter estimates is avoided. Although the missing data assumptions are difficult to test, we have compared the patients with full availability of the data to on the relevant variable (shoulder pain). 33 To determine the optimal number of trajectories, a common forward procedure was conducted where models with varying number of classes and parameters are assessed and compared. 34 To guide the choice for the optimal model, the Bayesian Information Criterion (BIC) 35 and the bootstrapped likelihood ratio test (BLRT), 36 two commonly used indices, 37 were used to assess model fit. A lower BIC value indicates a better fitting model, while a significant P value for the BLRT favors the model with k classes over the model with k − 1 classes. Besides the model fit indices, high posterior probabilities (high probabilities imply distinctive classes) and clinical relevance were taken into account in the modeling process (rejecting clinically uninterpretable classes). 37, 38 Once the choice for the optimal model was made, participants were assigned to the trajectory to which they had the highest probability of belonging. 39 Additional sensitivity analyses were conducted by rerunning LCGMM using only the data of the patients for which data on shoulder pain were available for all time points.
Predictors of shoulder pain trajectories
Logistic regression models were used to determine which predictors (i.e. TSI, age, gender, lesion characteristics (level and completeness), physical characteristics ( presence of shoulder pain before SCI), BMI, MMT, spasticity of the elbow flexors and/or extensors, and limitation in shoulder ROM) could discriminate between the trajectories. First, bivariate logistic regression analyses were conducted to determine which predictors should be included in the multiple logistic regression analyses by using the selection criterion of a P value less than 0.10. All selected predictors at t 1 were then simultaneously entered into the model and backward elimination was used, leading to a final multivariable logistic regression model including only significant predictors.
SPSS statistical program for Windows (SPSS version 16.0, 2007, SPSS Inc., Chicago, IL, USA) was used for testing the group differences and performing regression analyses.
Results
Respondent characteristics
At t 1 , 225 persons with a newly acquired SCI were included in the study. After 3 months (t 2 ) 155 persons participated, at discharge (t 3 ) 198, 1 year after discharge (t 4 ) 156, and 131 persons participated 5 years after discharge (t 5 ). The lower number of participants in the second measurement is due to the measurement of 3 months after SCI (t 2 ) not being recorded for those participants with a short duration of inpatient rehabilitation and were instead directly included in the measurement at discharge (t 3 ). At 5 years after discharge (t 5 ) 30 persons had died, 10 could not be contacted, 17 declined to participate in the study anymore, 5 had moved, and the other 1 dropped out for other reasons.
Participants' characteristics at t 1 are displayed in Table 1 . The median time from injury until admission to the rehabilitation center was 32 days (IQR 19-54 days). The median time between the onset of SCI and first assessment was 75 days (IQR 52-115 days). Median duration of rehabilitation in the study population was 225 days (IQR 156-328 days), for persons with a paraplegia median length of stay was 194 (IQR 148-279 days), and for persons with a tetraplegia 293 days (IQR 192-407 days). All 44 persons with a level of SCI C5 or higher had preserved sensory function above, at, or below the neurological level of injury.
Identifying trajectories
In the current study, a prevalence of musculoskeletal shoulder pain in the total group was found to be 43% at start of active rehabilitation (n = 225), 50% 3 months later, 40% at discharge, 34% 1 year after discharge, and 42% 5 years after discharge. Shoulder pain trajectories were identified using LCGMM. Table 2 shows that a model with three shoulder pain trajectories best represented the data (i.e. having the lowest BIC number and a significant P value of BLRT).
The three trajectories found are: (i) "No or Low pain" (n = 148, 64%), (ii) "High pain" (n = 63, 30%), and (iii) a "Decrease of pain", for which pain decreased over time (n = 14, 6%) (Fig. 1) .
Additional sensitivity analyses re-running latent class growth mixture on the data of the patients who have
The Journal of Spinal Cord Medicinedata at every time points for shoulder pain (total n = 87 patients) yielded similar trajectories, a "No or Low pain" trajectory (n = 57 patients; 65%), a "High pain" trajectory (n = 27 patients; 31%), and a "Decrease of pain" trajectory (n = 3 patients; 4%). Table 3 gives a descriptive overview of the course of shoulder pain (number and percentage of persons having shoulder pain) of the total group as used in LCGMM and of the three trajectories with their shoulder pain scores (median, SD) at each measurement time (with their actual n).
Predictors of shoulder pain trajectories
The "High pain" trajectory, compared with the "No or Low pain" trajectory, was characterized by having more persons with tetraplegia, more persons with shoulder pain before the SCI, a limited shoulder ROM, lower MMT, and more spasticity at t 1 . The group with the "High pain" trajectory compared with the "Decrease of pain" trajectory showed to be more often obese, have a slightly higher MMT score, and suffer from more severe spasticity at t 1 . The "Decrease of pain" trajectory compared with the "No or Low pain" trajectory was characterized by having fewer persons with a paraplegia, more persons with shoulder pain before SCI, Figure 1 Three estimated trajectories in shoulder pain between the start of active rehabilitation and 5 years after discharge from inpatient rehabilitation (n = 225).
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The Journal of Spinal Cord Medicinefewer obsess persons, more shoulder ROM limitations, and a lower MMT at t 1 . The P values are displayed in the Table 4 . The results of the multiple backward logistic regression analyses show that lesion level and a presence or absence of a shoulder ROM limitation at t 1 distinguishes between the "High pain" and "No or Low pain" trajectories (Nagelkerke's R 2 : 0.243). Persons with tetraplegia (odds ratio (OR) = 2.8) and those with a limited shoulder ROM (OR = 3.6) were more likely Table 3 The three shoulder pain trajectories, number (%) of participants with pain at the measurement times, and shoulder pain scores (mean, SD); range of pain score 0-5 (39) 46 (16) 49 (17) 31 (14) 32 ( Table 4 Characteristics per shoulder pain trajectory measured at start of active rehabilitation (t 1 ) (N = 225) and significant differences between trajectories (described in n and % per trajectory)
Descriptives P values of differences between trajectories
High pain (n = 63)
Decrease of pain (n = 14)
No or low pain (n = 148) For sex, lesions level, completeness of SCI, the presence of shoulder pain before SCI, the presence of obesity, the presence of shoulder ROM limitation, the values are n (and %) per trajectory. For age, TSI, MMT, and spasticity, the mean (and SD) is described. All variables were measured at the start of active rehabilitation. Significance was set at P < 0.001. TSI, time since injury; BMI, body mass index; ROM, range of motion; MMT, manual muscle testing.
to belong to the "High pain" trajectory. The results of the multiple backward regression analyses, including beta, standard error, 95% confidence interval, and P values are displayed in Table 5 .
Because the "Decrease of pain" trajectory was only comprised of 14 persons, no multiple statistical analyses were performed on this group.
Discussion
The current study is, to our knowledge, the largest study in which shoulder pain in persons with SCI was examined over a time period from start of active rehabilitation until 5 years after discharge. It is also the first study that identified distinct trajectories of musculoskeletal shoulder pain in SCI using LCGMM, thus giving more insight into subgroup patterns on shoulder pain in time.
Limitations
In the study, persons with SCI between 18 and 65 years and with expected permanent wheelchair dependency admitted to a rehabilitation center were included. Persons that were mainly walking (with or without aids) or expected to do so were not included in the study. This influences the representativeness of the population and thereby the degree to which the results of our study can be generalized to the whole population of persons with SCI (e.g. persons that are able to walk).
The assessment of pain in persons with SCI is difficult. It is difficult to distinguish between neuropathic pain from musculoskeletal pain, especially among persons with a level of SCI of C5 and higher. Shoulder pain typically presents in dermatome C5. In 21 cases the sensory level of injury was diagnosed at t 1 at C4 or higher. All persons with a sensory level of C4 or higher had preserved sensation above, at or below the neurological level. In the questionnaire we tried to distinguish neuropathic pain from musculoskeletal pain by asking the character of pain. However, we cannot completely rule out that some persons could not clearly distinguish between neuropathic pain and musculoskeletal pain.
Body height was defined in meters according to selfreport by participants at t 1 . One could argue that selfreported height might not be the best way to record height. The study of Froehlich-Grobe et al. concluded: "Recumbent length yields the most accurate height estimate for wheelchair users. However, when logistical and practical considerations pose difficulties for obtaining this measure, height estimates based on knee height and self-report may provide reasonable alternatives". 27 For our study hypothesis, we felt self-reported height was acceptable.
Although we had the largest SCI cohort population to study shoulder pain to-date, some persons were lost to follow-up. For the LCGMM, missing data were handled according to the EM algorithm. Although statistically sound, this algorithm assumes data to be missing at random. This assumption is unfortunately difficult to test and we therefore cannot rule out that the group lost to follow is "not random" and could have influenced our outcomes. However, a sensitivity analysis found no clear indications that this was the case.
Identifying trajectories
Based on data of 225 persons with SCI, three distinct musculoskeletal shoulder pain trajectories were identified in the period between the start of active SCI rehabilitation and 5 years after discharge: a "High pain" trajectory, a "No or Low pain" trajectory, and a "Decrease of pain" trajectory. We hypothesized that we would also identify a fourth trajectory with an increase of shoulder pain. Both the "High pain" and "No or Low pain" trajectory showed a slight tendency for increase in musculoskeletal shoulder pain between 1 and 5 years after discharge (t 4 and t 5 , respectively), but no distinct "Increase" trajectory could be identified. We assume that the follow-up time of 5 years after discharge is too short to show pain problems in the shoulders due to overuse, especially in paraplegics, which might occur later.
In the current study, a prevalence of musculoskeletal shoulder pain in the total group was found to be 43% at start of active rehabilitation, 50% 3 months later, 
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The Journal of Spinal Cord Medicine40% at discharge, 34% 1 year after discharge, and 42% 5 years after discharge. This is lower than prevalence of shoulder pain in the literature on persons with chronic SCI, which is found to be between 60 and 89%. 2, 4, 12, 14, 15 Unfortunately, these studies mostly do have a cross-sectional study design, use a different definition of shoulder pain (distinguish musculoskeletal and neuropathic pain), and use different outcome measures and/or include different populations and TSI. Therefore, comparison with prevalence of shoulder pain in our study should be interpreted with caution. One prospective cohort study by Salisbury et al., 11, 18 was conducted in 41 persons with a tetraplegia during first inpatient rehabilitation with a follow-up after 2 and 4 years. They showed that shoulder pain was present during inpatient rehabilitation in 85% of the patients. In our study the "High" shoulder pain trajectory showed similar prevalence (90% at t 1 , 73% at t 2 , and 78% at t 3 ). After 4 years, Salisbury et al. found a shoulder pain prevalence of 70%, which is higher compared with what was found after 5 years in our study population (51%). The higher percentage compared with our study is probably due to the fact that Salisbury et al. 11, 18 included only persons with a tetraplegia (n = 41), while one-third of our "High" group consisted of persons with paraplegia.
Predictors of shoulder pain trajectories
Although significant differences between the three trajectories exist by group characteristics using bivariate analysis (Table 4) , based on multivariable logistic regression our current study identified two significant predictors of belonging to the "High pain" trajectory (as compared with the "No or Low pain" trajectory): (i) having a tetraplegia and (ii) having a limited shoulder ROM.
The other included factors that were expected to be possible predictors for belonging to a distinct (High pain and No or Low pain) trajectory (age, TSI, completeness of the injury, presence of shoulder pain before SCI, obesity, and spasticity) were, not revealed as significant in the final multiple logistic regression analyses. In the literature different variables associated with shoulder pain in SCI have been described. In recently published studies older age, 18 longer TSI, higher BMI, 5, 13, 14 lesion level (tetraplegia), 5 muscle strength (inversely related) 5 longer duration of bed rest, 18 and functional outcome (inversely related) 5, 15 were related to higher shoulder pain scores. However, as aforementioned, most of above-described findings are based on studies in persons with chronic SCI using a cross-sectional design, and should therefore be interpreted with caution.
The "Decrease of pain" trajectory only existed of 14 persons, and was therefore was not included in the multiple analyses. In the bivariate analysis, the "Decrease of pain" trajectory was not to be significantly different from the "High pain" trajectory with regard to level of injury and shoulder ROM, but were significant more obese, had a lower MMT score, and suffer more frequent from spasticity.
Although we hypothesized an "Increase of pain" trajectory, we did not find it in the analysis; this is probably due to the limited follow-up time of the study. The "High pain" shoulder pain trajectory consists of mainly persons with a tetraplegia. People with a SCI might develop overuse issues in the shoulders and shoulder pain at a later stage, especially persons with a paraplegia. In the current study, we did not study the causes of shoulder pain by clinical exam or radio diagnostics. Adding clinical and radiodiagnostic examinations to future studies would give us better insight on the potential different patho-physiological mechanisms of shoulder problems among persons with tetraplegia and paraplegia.
Future directions
Although our results suggest a likely causal relationship, one should test our findings with other datasets of persons with SCI to confirm this relationship.
Larger studies are needed to be able to show relevant associations of, for example, lesion level within the paraplegic group (high paraplegics vs. low paraplegics), and to study the role of posture and trunk stability on the development of shoulder pain.
The duration of the current study was up to 5 years after inpatient rehabilitation. Two trajectories show a tendency of increase from 1 to 5 years after SCI. To show whether this increase is relevant, and might retrieve a fourth "Increase of pain" trajectory a followup measurement at, for example, 10 years is needed. Adding clinical testing, radio diagnostics and kinematics would be a key to understanding the mechanism of shoulder pain in the various trajectories. Studies should also include the assessment of postural control. Persons with SCI have shown to make use of non-postural muscles to maintain their sitting balance. [40] [41] [42] [43] [44] Whether these adaptations in postural control are associated with the development of shoulder pain so far has not been studied.
It was beyond the scope of this study to include all interventions for the reduction of shoulder pain. Assessment of interventions is needed in order to open the "black box". Current initiatives such as the SCIRehab project [45] [46] [47] [48] [49] provided us with the possibility to open this "black box", at least to some extent. Future intervention studies for treatment and/or prevention should include a large, homogeneous study population, should have a long duration of follow-up time, and should include, if possible, a control group. Interesting would be to study the effects of earlier shoulder mobilization starting early after SCI by specialized physiotherapists paying attention not only on shoulder external rotation and abduction, but also to preserve shoulder flexion by, for example, scapula stabilization and mobilization 55 and balanced muscle training.
In summary, the results of the current study and (lack of ) available evidence show that there is a need for longitudinal studies with longer follow-up time, comprehensively studying the course over time of shoulder pain and studying the effect of interventions, such as early mobilization and early muscle strength training, on shoulder pain in persons with SCI.
Clinical implications
Our findings show that shoulder pain is a frequent problem, even in patients who have a SCI for "only" approximately 5 years. Health professionals should be aware of the increased risk of belonging to the "High pain" trajectory in persons with tetraplegia and those with a limited shoulder ROM. In a former study, in the same cohort, on shoulder ROM limitations in persons with SCI, it was shown that especially shoulder flexion was limited. 16 Prevention of shoulder problems should be a main goal of rehabilitation. Using guidelines such as the guideline for "Preservation of Upper Limb Function Following Spinal Cord Injury" or the "Guidelines for the prescription of a seated wheelchair or mobility scooter for people with a traumatic brain injury or spinal cord injury" (Download: http://www .enable.health.nsw.gov.au/publications or LTCSA; http://www.lifetimecare.nsw.gov.au/Resources.aspx) could be helpful in structuring treatment and preventive interventions of shoulder problems in persons with SCI. 56 Furthermore, wheelchair propulsion has been shown to be straining and to place a high load on the shoulder, [57] [58] [59] [60] [61] thereby increasing the risk of structural changes and the development of shoulder pain. Alternative propulsion modes, such as hand cycling for mobility and exercise, instead of hand rim wheelchair propulsion, should be considered by clinicians at an early stage. 57, 62, 63 
Conclusions
This study confirmed that shoulder pain is a problem in the SCI population during, and after inpatient rehabilitation, with a prevalence of 43% 5 years after discharge from inpatient rehabilitation.
In the current study, we unraveled some of the complexity of musculoskeletal shoulder pain, showing different trajectories of shoulder pain and their predictors on basis of a longitudinal dataset.
Three distinct musculoskeletal shoulder pain trajectories in persons with acute SCI exist; a "High pain" trajectory, a "Decrease of pain" trajectory, and a "No or Low pain" trajectory.
Having a tetraplegia and having a limited shoulder ROM at the beginning of active rehabilitation increases the risk of belonging to the "High pain" trajectory, and therefore special attention should be paid to these persons. Monitoring shoulder pain at the start of active rehabilitation might allow identification of persons at risk for poor long-term outcomes. 
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